. A significant negative correlation was found for p<0.01), p<0.01), p<0.01 
thorough survey of river stretch of 24 km from the entry point to exit point of river in Kanpur city was carried to record pollution sources and to identify the sampling locations. The samples were collected for a period of twelve months from March 2010 to February 2011 from six sites reasonably representing the water quality of the river system. The selected sampling sites and observed pollution sources at each site are as follows:
• Bithoor ghat (GH1) -It receives moderate amount of domestic pollution.
• Rani ghat (GH2) -It receives municipal waste from the locality.
• Permat ghat (GH3) -The drain is discharging burned ashes directly into Ganga river.
• Sarsaiya ghat (GH4) -It receives huge amount of domestic sewage.
• Nanarao ghat (GH5) -It receives contamination through urban sewage.
• Siddhnath ghat (GH6)
-It is polluted due to tannery discharge and untreated waste.
III. Sampling And Analysis
Physico-chemical parameters and chromium levels in water samples were determined according to APHA 1998. Electrical conductivity, pH and dissolved oxygen of water samples were measured in the field immediately after collection of the samples using pH, conductivity and DO meter respectively. Biological oxygen demand (BOD) was determined by conventional methods and Total Dissolved Solids were determined using the gravimetric method. The metal concentration of chromium (Cr), in the filtered and digested samples was determined using flame Atomic Absorption Spectrophotometer (AAS).
Fig: 1 -Location of Ganga river water sampling points around Kanpur

IV. Statistical Analysis
Statistical analysis was carried out using statistical package for social sciences [11] (SPSSVersion17). The physico-chemical parameters for all the study sites were analyzed by calculating Pearson's correlation coefficient (r) value. In order to calculate correlation coefficients, correlation matrix was constructed by calculating the coefficients of different pairs of parameters and correlation for significance was further tested by applying p valve. The variations are significant if p<0.05, p<0.01, and non-significant if p>0.05. The significance is considered at the level of 0.01 and 0.05 (2-tailed analysis).
V. Results And Discussion
The statistical result with respect to range, mean, minimum, maximum, SD and SE values for surface water quality with WHO & BIS standards parameters are summarized in Water Temperature: During the whole study period (at all sampling locations) the max water temperature 32.9 0 C was recorded in GH6 (June) and min 15.4 0 C in GH4 (January) with an annual mean of 23.25ºC ± 5.85 ( Table 1, Fig 2) . The variation is mainly related with the atmosphere temperature and weather conditions. Higher temperature during June was due to greater heating [12] .
Fig 2: A Graph showing Monthly Variation of Temp for all Sampling Ghats
The Water temperature (Temp) showed significant and positive correlation with TDS, BOD, Chloride, EC, Nitrate, Phosphate and, Magnesium. The Temp vs. TDS showed max correlation at GH6 (r=0.889, p<0.01) and min at GH3 (r=0.755, p<0.01),Temp vs BOD showed max correlation at GH1 (r= 0.99, p<0.01) and min at GH3(r=0.719,p <0.05), Temp vs. Chloride showed max correlation at GH1(r=0.872, p<0.01) and min at GH2 (r=0.799, p<0.01), Temp vs. EC showed max correlation at GH4 (r=0.896, p<0.01) and min at GH5 (r=0.773, p<0.01), Temp vs. Nitrate showed max correlation at GH2 (r=0.935, p<0.01) and min at GH1 (r=0.774, p<0.01), Temp vs. Phosphate showed max correlation at GH6 (r=0.996, p<0.01) and min at GH2 (r=0.712, p<0.01), Temp vs. Magnesium showed max correlation at GH6 (r=0.982, p<0.01) and min at GH6 (r=0.93, p<0.01). The Water Temp showed significant and negative correlation with pH, DO and TA. The Temp vs. pH showed max correlation at GH6 (r=-0.89, p<0.01) and min at GH4 (r=-0.621, p<0.05), Temp vs. DO showed max correlation at GH6 (r=-0.90, p<0.01) and min at GH2 (r=-0.759, p<0.05). Temp vs TA showed max correlation at GH6 (r=-0.792, p<0.01) and min at GH4 (r=-0.681, p<0.05). It can be observed that DO has a negative correlation with Temp for all the locations. The inverse relationship between Temp and DO is a natural process as warmer water becomes more easily saturated with oxygen and holds less DO [13] . pH: The presence of hydrogen ion concentration is measured in terms of pH range. In our investigation the pH value of surface water ranged from 7.1 to 8.8, indicating that the nature of water is slightly basic to strong basic. The min pH recorded at GH4 (July), while the max at GH6 (December) with an annual mean of 7.98 ± .436, which was above the higher permissible range, prescribed by BIS [14] and WHO [15] drinking water standards (Table 1, Fig 3) . It has been mentioned that the increasing pH appear to be associated with increasing use of alkaline detergents in residential areas and alkaline material from tannery effluent [16] . The pH showed significant and positive correlation with TA and DO. A strong positive correlation of pH vs. DO in the water of Gomti river (flowing in the same geographical region) was also observed [17] .The pH vs TA showed max correlation at GH4 (r=0.824, p<0.01) and min at GH3 (r=0.651, p<0.05), pH vs. DO showed max correlation at GH3 (r=0.887, p<0.01) and min at GH5 (r=0.713, p<0.01).
The pH showed significant and negative correlation with BOD, TDS, Chloride, EC, Nitrate, Phosphate and Magnesium. The pH vs. BOD showed max correlation at GH5 (r=-0.854, p<0.01) and min at GH2 (r=-0.664, p<0.05), pH vs. TDS showed max correlation at GH1 (r=-0.95, p<0.01) and min at GH3 (r=-0.721, p<0.05) and pH vs. Chloride showed max correlation at GH5 (r=-0.799, p<0.01) and min at GH1 (r=-0.636, p<0.05), pH vs. EC showed max correlation at GH6 (r=-0.838, p<0.01) and min at GH4 (r=-0.676, p<0.01), pH vs. Nitrate showed max correlation at GH3 (r=-0.964, p<0.01) and min at GH1 (r= -0.727, p<0.01), pH vs. Phosphate showed max correlation at GH6 (r=-0.963, p<0.01) and min at GH4 (r=-0.677, p<0.01), pH vs. Magnesium showed max correlation at GH6 (r=-0.979, p<0.01) and min at GH4 (r=0.703, p<0.01) .
Dissolved Oxygen (DO): DO is one of the important parameter in water quality assessment. In our study DO of surface water ranged from 2.6 to 14.4 mg/l. The min DO recorded at GH6 (June) and the max was noted at GH1 (February), with an annual mean of 6.8 ± 2.8 which was above the max permissible range as prescribed by BIS [14] and WHO [15] drinking water standards ( Table 1, Fig 4) .
Fig 4: A Graph showing Monthly Variation of DO for all Sampling Ghats
The DO showed significant and negative correlation with BOD, TDS, Chloride, EC, Nitrate, Phosphate, and Magnesium. Similar findings are reported by the other author [18] . DO showed max correlation with BOD at GH3 (r=-0.943, p<0.01) and min at GH6 (r=-0.703, p<0.01), DO vs. TDS showed max correlation at GH6 (r=-0.960, p<0.01) and min at GH4 (r=-0.807, p<0.01). These findings are similar to the reported relationship, that low DO usually depicts a high TDS values [19] DO vs. Chloride showed max correlation at GH6 (r=-0.771, p<0.01) and min at GH4 (r=-0.659, p<0.01), DO vs. EC showed max correlation at GH1 (r=-0.828, p<0.01) and min at GH5 (r=-0.625, p<0.05), DO vs. Nitrate showed max correlation at GH1 (r=-0.870, p<0.01) and min at GH4 (r=0.613, p<0.01), DO vs. Phosphate showed max correlation at GH3 (r=-0.967, p<0.01) and min at GH5 (r=-0.723, p<0.01), DO vs. Magnesium showed max correlation at GH6 (r=-0.786, p<0.01) and min at GH3 (r=-0.630, p<0.01) .
Total Alkalinity (TA):
The cause of total alkalinity in water is the presence of various ions. The observed mean was 273 ± 24.68 mg/l and values alkalinity ranged 232-337 mg/l. At sampling ghat GH4 (July) recorded low value, while at GH5 (Jan) it was high. These values are within max permissible limit prescribed by WHO
15
( Table 1, Fig 5) . Excessive alkalinity may cause eye irritation in human. If alkalinity value in drinking water is higher than 200 mg/l, the taste of the water becomes unlikable. The TA showed positive and significant correlation with DO max at GH1 (r=0.842, p<0.01) and min at GH3 (r=0.683, p<0.05). The TA showed significant and negative correlation with BOD, TDS, Chloride, EC, Nitrate, Phosphate, and Magnesium. The TA showed max correlation with BOD at GH6 (r=-0.84, p<0.01) and min at GH3 (r=-0.663, p<0.05), TA vs. TDS showed max correlation at GH6 (r=-0.88, p<0.01) and min at GH4 (r=-0.552, p<0.05),TA vs. Chloride showed max at GH4 (r=-0.659, p<0.01) and min at GH3 (r=-0.423, p<0.05), TA vs. EC showed max correlation at GH4 (r=-0.897, p<0.01) and min value at GH4 (r=-0.697, p<0.05), TA vs. Nitrate showed max correlation at GH3 (r=-0.870, p<0.01) and min at GH4 (r=-0.613, p<0.05),TA vs. Phosphate showed max correlation at GH6 (r=-0.868, p<0.01) and min at GH1 (r=-0.737, p<0.01), TA vs. Magnesium showed max correlation at GH6 (r=0.786, p<0.01) and min at GH3 (r=0.630, p<0.05) .
Biological Oxygen Demand (BOD):
BOD is an important parameter of water indicating the health scenario of freshwater bodies [20] . In our study the BOD of surface water ranges from 2.6 mg/l to 32.4 mg/l with an annual mean of 19.6 ± 8.09. The min BOD recorded at GH1 (Jan) and the max value was noted on GH6 (Sept), which was above the max permissible range as prescribed by BIS 14 and WHO 15 drinking water standards ( Table 1, Fig  6) . BOD values were not complying with WHO guide lines in the river Ganga.
Fig 6: A Graph showing Monthly Variation of BOD for All Sampling Ghats
The BOD showed significant and positive correlation with TDS, Chloride, EC, Nitrate, Phosphate and Magnesium. BOD vs. TDS showed max correlation value at GH5 (r=0.954, p<0.01) and min at GH2 (r=0.751, p<0.01), BOD vs. Chloride showed max correlation value at GH1 (r=0.853, p<0.01) and min at GH6 (r=0.614, p<0.05), BOD vs. EC showed max correlation at GH1 (r=0.831, p<0.01) and min at GH6 (r=0.614, p<0.05), BOD vs. Nitrate showed max correlation at GH4 (r=0.838, p<0.01) and min at GH2 (r=0.529, p<0.05), BOD vs. Phosphate showed max correlation at GH4 (r=0.983, p<0.01) and min at GH6 (r=0.832, p<0.01), BOD vs. Magnesium showed max correlation at GH1 (r=0.995, p<0.01) and min at GH2 (r=0.578, p<0.05).
Total Dissolved Solids (TDS):
The total dissolved solids are expressed by the weight of residue left when a water sample has been evaporated to dryness. The range of TDS varied from 148 to 300 mg/l in the study. The min value recorded at sampling ghat GH1 (Jan) and max value was recorded at GH6 (July) with an annual mean of 242.4 ± 33.34, which was within the permissible limit prescribed by BIS [14] and WHO [15] Fig 7) . Bhadula and Joshi studied the impact of sewage on main canal of river Ganga at Haridwar, pointed out that the total solids were higher in the sewage zone in comparison to dilution zone [21] . The TDS showed significant and positive correlation with Chloride, EC, Nitrate, Phosphate and Magnesium. TDS showed positive and significant max correlation with Chloride at GH5 (r=0.756, p<0.01) and min at GH2 (r=0.460, p<0.01), TDS vs. EC showed max correlation at GH6 (r=0.836, p<0.01) and min at GH2 (r= 0.715, p<0.01). Similarly TDS has a positive correlation with conductivity in all stations because conductivity variation reflects the status of inorganic pollution and is a measure of TDS in water [22] . TDS vs. Nitrate showed max correlation at GH6 (r=0.868, p<0.01) and min at GH4 (r=0.722, p<0.01), TDS vs. Phosphate showed max correlation at GH6 (r=0.919, p<0.01) and min at GH5 (r=0.788, p<0.01), TDS vs. Magnesium showed max correlation at GH6 (r=0.935, p<0.01) and min at GH3 (r=0.690, p<0.05). Similar finding were reported by other researcher [23] .
Chloride: In the present study the Chloride concentration in surface water was 14.50±4.31 mg/l (range 8.3-25.7 mg/l). The min Chloride observed at GH4 (Oct) and the max at GH6 (June). All the observed values were within the permissible range as prescribed by BIS14 and WHO15 drinking water standards (Table 1, Fig 8) .
Fig 8: A Graph showing Monthly Variation of Chloride for all Sampling Ghats
The Chloride showed significant and positive correlation with EC, Nitrate, Phosphate and Magnesium. Chloride vs. EC showed max correlation at GH6 (r=0.877, p<0.01) and min at GH5 (r=0.529, p<0.01), Chloride vs. Nitrate showed max correlation at GH4 (r=0.812, p<0.01) and min at GH1 (r=0.583, p<0.05), Chloride vs. Phosphate showed max at GH3 (r=0.828, p<0.01) and min at GH2 (r=0.585, p<0.05), Chloride vs. Magnesium showed max correlation at GH5 (r=0.879, p<0.01) and min at GH6 (r=0.729, p<0.01).
Electrical Conductivity (EC):
EC is the measure of capacity of a substance or solution to conduct electrical current through the water. The range of EC varied from 198-465 µs/cm with an average of 311.19 ±65.94 µs/cm in this study. The min and max value were reported at the GH1 (Jan) and GH5 (June) (Table 1, Fig 9) . The max value is above the upper limit prescribed by BIS14 standard. High conductivity at the sites indicates the mixing of sewerage in river water as these sites are located near populated towns [24] 
Fig 9: A Graph showing Monthly Variation of EC for all Sampling Ghats
The EC showed significant and positive correlation with Nitrate, Phosphate and Magnesium. EC vs. Nitrate showed max correlation at GH6 (r=0.846, p<0.01) and min at GH1 (r=0.737, p<0.01), EC vs. Phosphate showed max correlation at GH3 (r=0.843, p<0.01) and min at GH1 (r=0.371, p<0.01), EC vs. Magnesium showed max correlation at GH4 (r=0.847, p<0.01) and min at GH5 (r=0.714, p<0.01).
Nitrate:
The average value of Nitrate was observed as 0.33±.32 mg/l and ranges were detected as 0.035-0.98 mg/l (Table 1, Fig 10) . All the values of Nitrate were within permissible range as prescribed by BIS [14] and WHO [15] drinking water standards. Sample of GH1 (Jan) showed lowest value and GH6 (June) had recorded high value of Nitrate. The Nitrate showed significant and positive correlation with Phosphate and Magnesium. Nitrate vs. Phosphate showed max correlation value at GH3 (r=0.927, p<0.01) and min at GH1 (r=0.280, p<0.01), Nitrate vs. Magnesium showed max correlation value at GH3 (r=0.951, p<0.01) and min at GH5 (r=0.736, p<0.01).
Phosphate: Phosphate may occur in surface water as a result of contamination from domestic sewage, detergents, and agricultural effluents with fertilizers. The average value of observed Phosphate was 0.57 ±.41 mg/l and ranges were detected as 0.035-0.98 mg/l (Table 1, Fig 10) . Minimum value of Phosphate was observed at GH1 (Jan) and max at GH6 (June). All the level of Phosphate wee within the prescribed standards of BIS [14] and WHO [15] ( Table 1) . Surface water runoff, agriculture runoff; washer man activity could have also contributed to the inorganic phosphate content.
Fig 11: A Graph showing Monthly Variation of Phosphate for all Sampling Ghats
The Phosphate showed significant positive correlation with Magnesium. Phosphate vs. Magnesium showed max correlation value at GH5 (r=0.951, p<0.01) and min at GH2 (r=0.621, p<0.01),
Magnesium:
The average concentration of Magnesium was 12.82 ±4.51 mg/l (range 6.2-24.2 mg/l). Minimum value of Magnesium was observed at GH1 (Jan) and max at GH6 (June). The maximum value of Magnesium was within the limit as per BIS 14 and WHO 15 standards (Table 1, Fig 12) .
Fig 12: A Graph showing Monthly Variation of Magnesium at all Sampling Ghats
Chromium: The average concentration of Chromium was 0.69±1.11 mg/l (range 0.085-6.7 mg/l) (range 0.085-6.7 mg/l). Minimum value of Chromium was observed at GH1 (Dec) and max at GH6 (June) (Table 1, Fig 13) . The highest value of Chromium was many times greater than max tolerable level as per BIS [14] and WHO [15] recommendations. Ganga, river water samples in Siddhnath ghat crossed the maximum permissible limit, due to heavy mixing of tannery effluent waste. Chromium has no nutritional value, rather they are carcinogenic and bio-accumulate up to toxic level to damage essential human and animal organs [25] . Several studies reveal high concentrations of Chromium even in treated effluents as reported earlier [26] [27] .
Fig 13: A Graph showing Monthly Variation of Chromium for all Sampling Ghats
Chromium vs Temp, Chloride, Nitrate and Phosphate showed significant positive correlation at GH2 (r=0.711, 0.744, 0.615 0.835, p<0.01) respectively and non significant correlation at rest Ghats. Chromium vs pH showed non significant negative correlation max at GH2 (r=-0.520, p>0.05) and min at GH4 (r=-0.164, p>0.05) ( Table  3 , 5). Chromium vs TA showed non significant correlation max at GH3 (r=-0.350, p>0.05) and min at GH6 (r=-0.049, p>0.05) ( Table 4, 7) . Chromium vs DO showed non significant negative correlation max at GH3 (r=-0.350, p>0.05) and min at GH6 (r=-0.049, p>0.05) ( Table 4 , 7). The Chromium showed non significant and positive max correlation with BOD at GH1 (r=0.112, p<0.01) and min at GH4 (r=0.014, p>0.05). The Chromium showed non-significant and positive max correlation with TDS at GH1 (r=0.337, p>0.05) and min at GH5 (r=0.016, p>0.05) (Table2, 7). Chromium vs EC showed non significant correlation max at GH2 (r=0.461, p>0.05) and min at GH5 (r=-0.055, p>0.05). The non significant correlation between two parameters means that they are independent to each other.
VI. Conclusion
The results of present investigation conclude that at Siddhnath ghat (GH6), river is highly polluted due to discharge of tannery effluent and occasional solid waste from tanneries into the river as compared to other location indicated by lower DO levels. The higher levels of all the indicator parameters above the standards are a serious concern for thousands of people living in Jajmau area. The river ecology is also subjected to higher risk of pollutants exposure. Stretch of the river from GH4 (Sarsaiya ghat) to GH6 (Siddhnath ghat) is highly polluted and is not suitable for most of the beneficial uses of water except for irrigation, fish culture and industrial cooling. The correlation analysis on water quality parameters revealed that all parameters are more or less correlated with each other Person's Correlation matrix. It is observed that some of the parameters do not have significant correlation between them indicating the different origin source of pollution. From correlation analysis, the negative relationship DO with other parameters reveals the high organic pollution with anthropogenic activities in the river basin. Thus it can be concluded that the water of the river Ganga at GH6 (Siddhnath ghat) represents serious threat to the ecosystem due to anthropogenic pollution. Since river Ganga is lifeline for people of Kanpur who use its water for bathing and other purposes are at risk. The correlation study and correlation coefficient values can help in selecting a few parameters which could be frequently measured to determine the status of water quality regularly. This will help the regulatory bodies to issue a warning on deteriorating water quality and taking steps to implement control measures so that proper treatment of effluent could be done to minimize contaminants in Ganga river water from Bithoor to Siddhnath ghat in Kanpur. 
